Purpose:
The trapeziometacarpal joint, providing a stable base for the thumb to move in multiple planes, is prone to ligament damage from injury to attrition, which may lead to pain and arthrosis. Previous authors described, on the basis of their radiologic, kinematic, and cadaver dissection studies, that the loss of ligamentous support is an important causative factor of the symptomatic instability of the trapeziometacarpal joint. However, there is a paucity of literature detailing kinetics of motor tendons across the trapeziometacarpal joint, and little information regarding how ligamentous instability of this joint affects mechanical effects of thumb motor tendons. The purpose of this study was to measure the changes in moment arm of thumb motor tendons after simulated ligamentous instability and subsequent reconstruction of the trapeziometacarpal joint.
Methods: Ten fresh frozen cadaveric upper extremities amputated at the proximal level of forearm were used for the experiment. Excursions of six thumb motor tendons including abductor pollicis longus and brevis, flexor pollicis longus, extensor pollicis longus and brevis, and adductor pollicis tendons were measured simultaneously with the trapeziometacarpal joint angulation during flexion to extension and abduction to adduction motion. Tendon moment arms were calculated based on joint and tendon displacement technique in the intact joint, after sequential sectionings of the capsuloligamentous restraints, and after the reconstruction procedure of Eaton and Littler. Average moment arms were obtained from excursions of the tendons produced while adducting the thumb from 20゜abduction to 30゜adduction and extending the thumb from 20゜flexion to 25゜extension. An average of the three cycles of calculated average moment arms was used in analysis of the significance of changes among the intact joint and experimental conditions with ligamentous instabilities. A repeated measures analysis of variance (ANOVA) followed up with Tukey's test was used to determine significant intergroup differences.
Results: Moment arms of abductor pollicis longus and extensor pollicis brevis tendons increased significantly to those for normal joints during flexion to extension motion after sectioning palmar capsuloligamentous components. Moment arms of these tendons increased to 125% and 118% of those in the intact joints.After cutting the ulnopalmar structures, the moment arm of the extensor pollicis longus tendon had a statistical significant increase during abduction to adduction motion. Moment arm of the extensor pollicis longus tendon increased to 112% of that in the intact joint. The extensor and flexor pollicis longus tendon moment arms decreased significantly during flexion to extension motion. Changed moment arms were restored to a normal level after the ligamentous reconstruction. (Table 1 ,2) Discussion & Conclusion: This study showed that capsuloligamentous sectioning of the trapezio-metacarpal joint affects joint kinetics. The moment arm increase in abductor pollicis longus and extensor pollicis brevis tendons may accelerate to subluxate the trapeziometacarpal joint toward the radiodorsal direction, which is observed typically in a symptomatic hypermobile thumb. The increase in extensor pollicis longus tendon moment arm, in addition to the radiodorsal subluxation of the joint, explains the adduction tendency of the thumb, which frequently is seen in patients with painful and severe instability of the joint. The long term consequence of this unfavorable mechanical balance in thumb motor tendons may contribute to joint deformity associated with trapeziometacarpal joint osteoarthritis. The results of restoration in altered tendon moment arms after the ligamentous reconstruction procedure also indicate that a stabilization procedure is necessary to correct the mechanical imbalance in unstable joints. 4.6 ± 1.6 3.9 ± 2.3 4.0 ± 2.1 EPL 11.0 ± 3.2 12.4 ± 3.8* 10.7 ± 2.9 EPB 1.4 ± 1.2 1.6 ± 1.4 1.3 ± 1.2 FPL 3.2 ± 1.6 3.9 ± 2.1 2.9 ± 1.4 APB 13.8 ± 1.3 13.6 ± 1.5 13.0 ± 1.4 ADP 7.5 ± 2.8 9.0 ± 5.5 7.8 ± 6.0 * Data statistically different from that of the intact thumb.
